When a fire emerges inside a building, the windows break, flames and smoke eject outside, and there is a risk that the fire will spread to upper floors and neighboring buildings. Installing a soffit at the upper edge of any openings has been proposed as the first measure against spreading fire to upper floors. In this respect, the purpose of this research is to understand the quantitative aspects of a fire plume ejected through an opening by performing an experiment using a compartment model. Figures 1 and 2 show drawings of the equipment used in this experiment. The fire compartment is a cube whose inside dimensions are 1.5 m per side, and a soffit is installed above the opening of the compartment. Methanol was used as fuel, and an oil pan with a radius of 0.6 m was placed in the center of the compartment floor, in an area where no fire plume emerges.
BACKGROUND AND PURPOSE OF THE RESEARCH
When a fire emerges inside a building, the windows break, flames and smoke eject outside, and there is a risk that the fire will spread to upper floors and neighboring buildings. Installing a soffit at the upper edge of any openings has been proposed as the first measure against spreading fire to upper floors. In this respect, the purpose of this research is to understand the quantitative aspects of a fire plume ejected through an opening by performing an experiment using a compartment model. Figures 1 and 2 show drawings of the equipment used in this experiment. The fire compartment is a cube whose inside dimensions are 1.5 m per side, and a soffit is installed above the opening of the compartment. Methanol was used as fuel, and an oil pan with a radius of 0.6 m was placed in the center of the compartment floor, in an area where no fire plume emerges. [1] The methanol was placed in a container outside the compartment and was fed to the pan using a siphon. Furthermore, a tank with dimensions of 0.9 m × 0.9 m was filled with cold water and was placed around the oil pan, whereby the fuel was prevented from boiling during the experiment by circulating cold water around the oil pan. 
EXPERIMENTAL SUMMARY

Equipment used in the experiment
Measured variables a) Temperature of ejected fire plume
The temperature distribution of the ejected fire plume was measured using a net of type-K thermocouples (φ 0.32 mm), which were placed in the vertical direction. 
b) Heat release rate
The heat release rate was calculated on the basis of the heat of combustion (22.7kJ/g for methanol [2] ) and the fuel mass loss rate. The change in the mass of the fuel was measured using a load cell installed at the bottom of the fuel container outside the fire compartment.
Experimental sequence
After the parameters of the soffit and the opening were specified, the methanol was fed to the oil pan and the siphon container. The oil pan was ignited after both containers achieved a state of equilibrium. Next, after the temperature inside the compartment had become uniform (15 min after ignition), the temperature of the fire plume was measured.
The parameters of the experiment are provided in Table 1 . 
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INTERPRETATION OF TEMPERATURE DISTRIBUTION
OF THE FIRE PLUME
Estimation of temperature along the central axis of the fire plume
Based on the results of the present research, upon applying Yokoi's dimensionless temperature formula, [3] a simplified prediction formula is proposed here for the temperature of the fire plume ejected through an opening that has a soffit. By taking the temperature of the fire plume along the central axis as the dimensionless variable Θ, the following equation is given:
where Q* is the dimensionless heat release rate retained by the fire plume and can be given by
The heat release rate Q of the fire plume can be calculated using the following equation (4) Here, Figure 3 plume hits the soffit and propagates to its end, the figure shows that the temperature gradually attenuates without displaying drastic changes. Next, considering the temperature distribution when the fire plume is ejected from the edge of the soffit into the outside, the temperature drops drastically, and for the same dimensionless length z/r 0 , the dimensionless temperature Θ is lower than the case in which there is no soffit.
Furthermore, the slope of the temperature attenuation is steeper in the experiments with a longer soffit. 
Estimation of temperature at the edge of the soffit
The temperature distribution along the edge of the soffit follows a rough normal distribution. [4, 5] However, the temperature gradient changes with respect to the radius of the opening, and it is considered that there is no large temperature attenuation in the vicinity of the opening. Therefore, the goal of this report is to derive a prediction formula which takes into account the width of the opening. The temperature distribution of the fire plume above the fire source is as shown in Figure 4 . Furthermore, the temperature in the vicinity of the fire source is roughly uniform, and it is considered that the temperature gradient follows a near-to-normal distribution as the distance from the fire source increases. [3] Moreover, it is thought that since the fire plume is prone to be stationary, there is no drastic drop in the temperature. Given this fact, when assuming that the temperature of the fire plume ejected through the opening does not drop when the fire plume is inside the opening but the temperature decreases once the plume goes
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beyond the edge of the opening to the outside, by utilizing a double exponential function, the following equations can be given:
k was obtained by dividing the distance from the edge of the soffit on the side of the opening to the other side of the edge of the soffit by the length of the soffit Ls. Figure 5 shows the results of each coefficient obtained using the least square method after applying the experimental results to Equation 7. The regression expression is given as:
As shown in Figure 5 , as a result of using a double exponential function, the correlativity with the temperature distribution at the edge of the soffit becomes higher than that of a normal distribution or an exponential function. By using Equation 10, within the limits of this experiment, it is possible to estimate the temperature at the edge of an arbitrary length of the soffit. However, this regression expression can be used for the assessment when the position of the edge of the opening is beyond (y=B/2), but also should be able to apply this for the range , where the temperature distribution is assumed to be uniform. Therefore, by obtaining the increase rates of the highest temperature for ΔT( ) and the temperature ΔT( ), the estimation formula was derived. Figure 6 shows the relation between the aspect ratio and the increase rate of the temperature, whereby the higher the increase rate of the temperature, the larger the aspect ratio. Thus, by assessing estimation on the side of safety, the relation between the aspect ratio and the increase rate is expressed by the following equation.
(11)
Therefore, by using Equations 6, 10 and 11, within the limits of the experimental conditions, it is possible to estimate the temperature of the ejected fire plume at the edge of the soffit for an arbitrary shape of the opening and length of the soffit. 
